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Abstract 
Flight scenarios for assessment of airworthiness and evaluation of aircraft are imperative for the aircraft industry. A 
flight scenario developing method which takes both aircraft airworthiness and evaluation into consideration was 
proposed in this paper. Four aspects of techniques, including configuration of dynamical relations among flight 
environment, weather conditions and aircraft considerations, decomposition of flight crew tasks, mapping of workload 
functions and factors onto operational tasks, and specification of window events and data items, were provided and 
integrated based on methodological guide. The method adopted an automated planning and scheduling mechanism 
which facilitates recurrence of flight conditions and detection of working status of pilot, so that flight scenarios 
developed could be utilized in various flight tests for fulfillment of flight tasks, implementation of workload 
measurement, and establishment of minimum flight crew; hence ergonomic evaluation of pilot-aircraft interaction could 
be carried out which are useful for assessment of airworthiness, analysis of human factors, human-centered design of 
aircraft, virtual prototyping and engineering of aircraft. 
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1. Introduction 
Airworthiness certificate is closely related to flight safety. Every aircraft must meet its type design and 
is in a condition for safe operation if it is to be certificated by authority. How can we make sure that an 
aircraft conforms such airworthiness compliance is a problem. FAA indicates that the minimum flight crew 
must be established so that it is sufficient for safe operation. What considered in determining the minimum 
flight crew are six basic workload functions and ten workload factors of FAR 25.1523 Appendix D [1]. 
Flight scenario is needed as part of the measurement plan of workload to determine the acceptability of 
workload and the establishment of minimum flight crew. Applicable flight scenario also is needed to 
evaluate aircraft design in different design phases.  
Seven flight scenarios were introduced with sufficient enough details of description to allow the 
discussion of the flight crew actions that were to be evaluated in flight tests [2-3]. The mentioned flight 
scenarios have several shortcomings, such as unsuitable for efficient measurement of workload, 
inconvenient to be implemented, difficult to be expanded or combined, lack of automation, especially, 
unable to be applied in design phases. A system-level tool for airworthiness [4] was provided to help certify 
the airworthiness of small fixed wing unmanned aircraft system by using standards and verification methods 
relaxed from manned equivalent. Such an airworthiness tool could be used to evaluate the quantitative risk 
of operations in different environments. But method on how to define operations in different environments 
was lack. Early usability evaluation of human interfaces, especially advanced commercial cockpit, can 
reduce possible operator errors. Requirements and recommendations on formal usability evaluation 
methods to develop effective and cost effective human factors test plans were specified in a paper [5] where 
applicability of usability evaluation techniques to aviation systems was discussed. Such test plans are 
essential for avionics design, development, and certification; and they are essential for workload assessment. 
However, engineering practical method to develop such test plans is not yet available.  
A novel developing method of flight scenarios with an automated planning and scheduling mechanism 
which builds the link between task load and workload was proposed in this paper. Based on the inevitable 
requirements on establishment of minimum flight crew and measurement of workload which were 
formulated by functions and factors of FAR 25.1523 Appendix D, a clear and flexible flight scenario 
structure was conceived which facilitates the method to configure dynamical relations among flight 
environment, weather conditions and aircraft considerations, to decompose flight crew tasks, to map 
workload functions and factors onto operational tasks, and to specify window events and data items. 
2. Problem Formulation and Theoretical Basis 
2.1. Problem Formulation 
Minimum flight crew, workload measurement [1-3], flight safety, aircraft performance, handling quality, 
economical efficiency, and travelling comfort are some major aspects of aircraft verification [6]. Minimum 
flight crew and workload measurement are two important judgments and indicators in assessment of 
airworthiness. Flight safety, aircraft performance, and handling quality are three fundamental fields and 
aspects in evaluation of aircraft design. Economic efficiency and travelling comfort can be deduced from 
verification results on minimum flight crew, workload measurement, flight safety, aircraft performance, 
and handling quality. To carry out an assessment of airworthiness or an evaluation of aircraft design, a 
flight scenario or a combination of flight scenarios will be necessary. Comprehensive flight scenarios are 
indispensable in assessment of airworthiness for assurance of objectivity and reliability. Targeted and 
operable flight scenarios are needed to check the correctness and validity in each stage of aircraft design, 
especially in the early stages. Flight scenarios that suitable for both assessment of airworthiness and 
658   Yin Tangwen and Fu Shan /  Procedia Engineering  80 ( 2014 )  656 – 667 
evaluation of aircraft design are desirable. Such flight scenarios can then be used for evaluation of pilot-
aircraft interaction. 
2.2. Recurrence of Flight Conditions 
Both assessment of airworthiness and evaluation of aircraft design have to be implemented through 
recurrence of flight conditions which depends on flight crew, aircraft, environment, and flight plan. 
Recurrence of flight conditions is critical for in-depth inspections of variations of flight status and thorough 
investigations on working status of flight crew. Detailed information on flight status can be used for 
estimation of flight safety, aircraft performance, and handling quality. Detailed information on working 
status can be used for measurement of workload and establishment of minimum flight crew. 
2.3. Theoretical Basis 
Flight scenarios to be developed can be briefly described as special kind of dynamic relations which 
composed of descriptive information about flight crew, aircraft, environment, and flight plan. Such relations 
should cover all the functions and factors of FAR 25.1523 Appendix D, so that the developed flight 
scenarios can be used to reproduce specified flight conditions for measurement of workload, determination 
of minimum flight crew, and estimation of flight safety, aircraft performance, and handling quality. 
Flight scenarios developed should be applicable for assessment of airworthiness and evaluation of 
aircraft design through flight tests including airworthiness flight tests, semi-physical simulation flight tests, 
and full-digital simulation flight tests. Traditional flight scenarios were not eligible for such a general 
purpose, because of the lack of a system engineering design concept which can be depicted by Fig. 1. The 
system engineering design concept extracted the substantive linkages between flight scenario development 
and application. For application of flight scenario which was denoted by solid arrows in Fig. 1, the linkage 
lies in the recurrence of flight conditions. For development of flight scenario which was denoted by virtual 
arrows in Fig. 1, the linkage lies in the description of dynamic relations among flight crew, aircraft, 
environment, and flight plan. The linkage between development and application of flight scenario lies in 
the augmented relationship among flight tasks, pilot manipulations, and workload functions and factors. 
Fig. 1. Theoretical Basis of Flight Scenario 
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3. Methodology of Flight Scenario Development 
3.1. Functions and Factors of FAR 25.1523 Appendix D 
As indicated in FAR 25.1523, it is obligatory to determine the minimum flight crew for safety, and 
meanwhile FAR 25.1523 Appendix D listed the basic workload functions and workload factors needed for 
the determination of minimum flight crew and the measurement of workload. These functions and factors 
were listed below in Table 1 and Table 2 for later reference. Such functions and factors are major 
configuration aspects of aircraft design. They are primary safety condition of the aircraft relative to wear 
and deterioration. They are possible entry points of human factors. These tables are to be used for function 
and factor mapping onto flight crew’s tasks in flight scenario development. 
Table 1. Workload Functions of FAR 25.1523 Appendix D 
Functions   
1 Flight path control Anytime crew senses movement of the airplane (e.g., pilot senses airplane start to roll); 
If the crew manipulates anything to cause any up-down or left-right motion 
2 Collision avoidance If navigating, and crew looks out window for anything;  
If ATC directs an action 
3 Navigation Any altitude or heading information;  
If Function 3 is assigned, Factor 8b must be used and Factor 5 cannot be used 
4 Communication Any verbal, incoming or outgoing speech, occurs; 
If Function 4 is assigned, Factor 8a must be used and Factor 5 cannot be used 
5 Operations and 
monitoring of aircraft 
engines and systems 
Visual confirmation of information; 
Manipulation of the aircraft (except flight path) 
6 Command decisions Anytime the pilot makes an action to manipulate the aircraft that requires a decision 
 
Table 2. Workload Factors of FAR 25.1523 Appendix D 
Factors   
1 Controls Any manipulation of any aircraft control; 
If Factor 1 is assigned, Factor 5 cannot be used 
2 Displays Any visual confirmation or visual reference to an indicator showing the state of the 
aircraft 
3 Procedures Any standard (normal) action for normal operation of the aircraft 
5 Monitoring The extent of required monitoring for normal aircraft operation; 
Factor 5 excludes the use of Factors 1, 8a, and 8b and Functions 3 and 4 
6 Crew member out of area 
7 Nonnormal conditions that require manual as opposed to automatic control of aircraft systems 
8a Communications Any Function 4 fires Factor 8a; Factor 8a excludes the use of Factor 5 
8b Navigation Any Function 3 fires Factor 8b; Factor 8b excludes the use of Factor 5 
9 Nonnormals 
10 Crew member incapacitated 
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3.2. Concepts Related to Development of Flight Scenario 
In order to facilitate the elaboration on the topic of flight scenario development, several basic concepts 
were listed in Table 3. 
Table 3. Basic Concepts 
Concept Brief description 
Flight Scenario Description of dynamic relation among flight crew, aircraft, environment, and flight plan, to 
be used for measurement of workload and determination of minimum flight crew, and to be 
used for estimation of flight safety, aircraft performance, and handling quality 
Functions and Factors Functions and Factors of FAR 25.1523 Appendix D 
Task Decomposition Divide flight crew’s tasks needed to fulfill  a flight plan under specified weather and 
aircraft considerations unless the divided task is operationally related single manipulation 
Function and Factor Mapping Associates all the divided tasks with Functions and Factors of FAR 25.1523 Appendix D 
Data Window Dynamically trigger the recording of status of task fulfillment and the storage of status data 
3.3. Major Ideas of Flight Scenario Development 
Content Structure: A flight scenario is a multi-dimensional space which can be divided into three 
subspaces, including weather conditions, aircraft considerations and flight environment. Each subspace has 
different dimensions with distinct meanings. A flight scenario is determined via the definitions of each 
dimension of all the subspaces and the assignments to each dimension of all the subspaces. Weather is 
objective environment and aircraft considerations are objective conditions with the later may involve 
subjective events, yet flight environment has to do with task environment and flight crew’s fulfillment of 
flight missions. 
Level of Organization: Define weather conditions and aircraft considerations as WC  and AC  
respectively. Define mission scenario of a flight phase as:  
 
(1) 
 
Define mission scenario of an air route as: 
 
(2) 
 
Then, a flight scenario can be defined as: 
 
(3) 
 
A decisive improvement of the content structure of a flight scenario is illustrated by (1), (2) and (3). Such 
an improvement makes the content structure of a flight scenario clearer and makes the configuration process 
of a flight scenario more specific and flexible. Meanwhile, such a leveled organization makes it more 
feasible to describe dynamic relations among flight crew, aircraft, environment, and flight plan. Particularly 
significant is the convenience to build mappings which associate workload functions and factors with flight 
crew's tasks. 
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Decomposition of Flight Crew Tasks: One of our approaches to realize the decomposition of flight crew 
tasks into operationally related single manipulations is behavior-emergence reinforcement learning [7]. 
Reinforcement learning is goal-directed machine learning algorithm for control learning on how to find out 
optimized actions from interactions with an uncertain environment, which is analogous to making 
descriptions of flight crew's actions down to the task and subtask level according to specified flight plan, 
weather conditions, and aircraft considerations. So reinforcement learning is suitable for decomposition of 
flight crew task and it helps converting the planning and scheduling problem to a machine learning problem 
from an adaptive computational perspective. 
Function and Factor Mapping: Define the criteria of minimum flight crew as: 
 
(4) 
 
Function and factor mapping onto operational tasks required by the flight plan can be built via: 
 
(5) 
 
 
Methodological Guide: With the help of Fig. 2, which illustrates the development ideas of flight scenario, 
the method conceived in this paper to develop flight scenarios which are for the purpose of assessment of 
airworthiness and evaluation of aircraft design can be explained as follows: 
x An air route is divided into flight phases such as takeoff, climb, cruise, descent, approach, and landing; 
x A flight scenario is divided into weather, aircraft considerations, and flight environment; 
x Two additional aspects, functions and factors as well as data window, are appended to a flight scenario; 
x Five major aspects of flight scenario are to be configured via item options and item combinations; 
x Objective, evaluation requirement and assessment criteria are to be involved to enhance applicability. 
Fig. 2. Development Ideas of Flight Scenario 
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4. Development Method of Flight Scenario 
4.1. Key Steps to develop a Flight Scenario 
Step 0: Specify major objectives and name the flight scenario 
Step 1: Specify airports and runways 
Step 2: Specify takeoff time 
Step 3: Specify weight, balance, and minimum equipment list 
Step 4: Specify VFR/IFR, flight plan, and air traffic control 
Step 5: Specify weather for each flight phase 
Step 6: Specify malfunctions 
Step 7: Specify the subtasks needed to fulfill the flight plan 
Step 8: Mapping functions and factors onto subtasks 
Step 9: Specify data window and data items for each flight phase 
Step10: Go to Step 1 for further adjustment and improvement 
Step11: Define interface to flight control and visual scene system 
4.2. Mapping Functions and Factors onto Subtasks 
One of the critical parts lies in step 8 in developing a flight scenario. Functions and factors of FAR 
25.1523 Appendix D can be expressed by 16-D vectors like: 
(6) 
 
where inf  and 
j
rf  are function or factor of FAR 25.1523 Appendix D. If flight crew’s manipulation task 
is associated with inf , 1
i
nf  , else 0
i
nf  . The same applies to 
j
rf . 
According to (1) ̚ (7), the relation between flight crew's task and criteria of minimum flight crew can 
be mapped by: 
(8) 
 
where F is the relation set, and W AC C is the external conditions under which the flight crew fulfill their 
flight duties. 
4.3. Specify Window Events and Data Items 
Data item can be determined via operations needed by operationally related single manipulation. Such 
data which reflects actual implementing status of flight crew's task should be saved timely for later analysis. 
Trigger event of data window can be defined as related event of aircraft system or as related event of 
variation of flight status. Window event can be defined as:  
 
(9) 
 
where T  is the time set of trigger event, and W  is the set of trigger event which consists of event time and 
data items to be collected. It is manifested by (9) that the window events specified are associated with all 
kinds of workload events, malfunction events, system events, and special flight events. 
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4.4. Applicability of Flight Scenario 
For the purpose of achieving comparable assessment of airworthiness, evaluation of aircraft design and 
ultimate verification of aircraft, flight scenarios developed should be applicable in three applications. 
x Airworthiness Flight Tests: Airworthiness certification flight tests, including high-risk airworthiness 
flight tests, need flight schedules with careful consideration of the aircraft standard and configuration so 
that such flight schedules are applicable with no flight safety implications. 
x Pilot in The Loop Flight Simulations: Semi-physical flight simulations with pilots in virtual environment 
need flight scenarios for aircraft prototyping and ergonomic insights on human-machine interaction. 
x Virtual Crew in The Loop Flight Simulations: Full digital flight simulations with virtual crew in an 
integrated flight system need flight scenarios for human-centered aircraft design and evaluation. Such 
simulations are powerful tools to carry out tasks such as virtual prototyping and engineering, analysis of 
human factors, detection of potential design flaw, practicing dangerous procedure, and investigating 
inaccessible environment, to name but a few. 
5. Application of Flight Scenario 
5.1. Coverage and Coverage rate of Functions and Factors 
A demonstration flight scenario which consists of three flight phases of descent, approach, and landing 
was developed as summarized in Appendix A. The 16-D vectors obtained which represent the functions 
and factors involved as the flight crew’s tasks are undertaking can be used for automatic proof of coverage 
of functions and factors of FAR 25.1523 Appendix D. Such vectors can also be utilized for automatic 
calculation of coverage rate of functions and factors of FAR 25.1523 Appendix D. Actually two set of such 
16-D vectors would exist: one was defined by the flight scenario, and the other was measured in flight tests 
or flight simulation. 
The result of coverage and coverage rate of functions and factors of FAR 25.1523 Appendix D for this 
flight scenario was shown in Fig. 3. The left bar chart illustrated the expected coverage of and coverage 
rate of functions and factors defined in the demonstrated flight scenario. Such functions and factors were 
determined by relations among flight environment, weather conditions and aircraft considerations, 
especially by flight tasks. The right bar chart illustrated the actual coverage of and coverage rate of functions 
and factors measured in flight test which was performed according to situations prescribed by the 
demonstrated flight scenario. 
Fig. 3. Coverage of Functions and Factors of FAR 25.1523 Appendix D 
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5.2. Validity and Acceptability of Workload Measurement 
Trigger event of data window is indirectly related to workload event. The data items obtained through 
step 9 are indirectly related to workload types. So the validity of workload measurement is guaranteed by 
the matching of the data items collected and flight crew's manipulations. As for acceptability of workload, 
it depends on whether most of the modest flight crews are qualified for the flight scenario undertaken or 
not [8]. Acceptability of workload is of vital importance for flight safety, and great effort should be devoted 
on it in aircraft airworthiness and design evaluation. The acceptability of workload can be verified as below: 
Step 1: Get the workload trend caused by single function/factor; 
Step 2: Get the workload trend caused by multiple functions/factors; 
Step 3: Set predictive method according to workload trends; 
Step 4: Develop two groups of flight scenarios; 
Step 5: Predict the workload trend of one group of flight scenario; 
Step 6: Get the workload trend of the other group of flight scenario; 
Step 7: Compare the workload trends. If the workload trends between two groups of flight scenario are 
strongly correlated with small deviation, then the flight scenarios are qualified for the verification of 
workload acceptability and for the establishment of minimum flight crew. 
5.3. Establishment of Minimum Flight Crew 
The results of coverage verification and validity verification can then be used for establishment of 
minimum flight crew. If all the functions and factors of FAR 25.1523 Appendix D are covered with 
adequate coverage rate and the workload measurement is valid with acceptability, a judgment on whether 
the establishment of minimum flight crew is sufficient or not would be evident. 
6. Comprehensive Appraisement 
Programmatic directions to develop and utilize flight scenarios were shown in Fig. 1, which stress not 
only the purpose and value expected in the application of flight scenarios but also the principles and 
requirements in the development of flight scenarios. The ideas expressed in Fig. 2 can be summarized as 
description of dynamic relation among flight crew, aircraft, environment and flight plan, establishment of 
mapping relation between flight crew's task and workload functions and factors, and definition of data items 
and window events. Application of flight scenario was explained in section 5 which involves coverage 
verification of functions and factors, validity verification of workload measurement, acceptability 
verification of workload, and establishment of minimum flight crew. Fig. 4 is a concise diagram of 
development and application of flight scenario. 
Fig. 5 depicted combined application of flight scenarios and comprehensive appraisement of flight tests. 
General flight scenarios can be used for general reliability flight tests with regular flight plan. Special flight 
scenarios can be used for special reliability flight tests with malfunctions or special flight events such as 
engine failure or missed approach. Single flight scenario with pertinence is feasible in practice. In deferent 
design phases, aircraft validation can be carried out with the help of general flight scenarios with pertinence, 
and special flight procedures or extreme flight conditions can be tested with the help of special flight 
scenarios with pertinence. Multiple flight scenarios can be combined into integrated flight scenarios which 
can be applied to simulation flight tests or airworthiness flight tests for coverage verification of workload 
functions and factors, for acceptability verification of workload, for establishment of minimum flight crew, 
and ultimately for reliable and comprehensive appraisement of flight tests to ensure aircraft evaluation and 
airworthiness certification. 
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Fig. 4. Development and Application of Flight Scenario 
 
Fig. 5. Integrated Flight Scenario and Comprehensive Appraisement 
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7. Discussion 
The basic principle of this paper lies in the function and factor mapping onto flight crew’s operationally 
related single manipulation within a specially structured flight scenario. The adoption of the above principle 
makes the flight scenarios developed easy to be expanded or combined, convenient to be implemented, 
efficient to measure workload. Furthermore, the flight scenario developed has certain degree of automation 
and can be applied in aircraft design phases. 
8. Conclusion 
Flight scenario developed by the method proposed in this paper is qualified for assessment of 
airworthiness and evaluation of aircraft design. A group of dynamic relation among flight crew, aircraft, 
environment, and flight plan are abstracted to express a specially structured kind of flight scenario which 
could be used to reproduce specified flight conditions for general purposes like measurement of workload, 
determination of minimum flight crew, estimation of flight safety, prediction of aircraft performance, and 
rating of handling quality. Apart from airworthiness, in the field of aircraft virtual prototyping and 
engineering such flight scenarios are of great value. 
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Appendix A. A Demonstrative Flight Scenario 
Step 0 Objectives: Profile Management [D], Miss Approach [A], Touchdown [L] Note:  
[D]: Decent Phase 
[A]: Approach Phase 
[L]: Landing Phase 
F/O: First Officer 
VOR/LOC: Very High Frequency 
Omnidirectional Radio Range 
DME: Distance Measure Equipment 
ISL: Instrument Landing System 
HIS: Horizontal Situation Indicator 
ADI: Attitude Direction Indicator 
Step 1 Airports: A, B; Runways: 12L, 17L 
Step 2 Takeoff Time: 7:20 AM, 2013-07-21 
Step 3 Omitted 
Step 4 IFR [D], IFR & VFR[A], IFR & VFR [L]; No Heavy airplane [D][A][L] 
Step 5 Turbulence [D]; 
Step 6 Engine Failed [A] 
Step 7 
Step 8 
[D] 
Pulls thrust levers back to idle ଵ݂ ൌ ሾͲͲͲͲͲͲͳͲͲͲͲͲͲͲͲͲሿᇱ
Establishes descent using speed indicators ଶ݂ ൌ ሾͳͲͲͲͲͳͳͳͲͲͲͲͲͲͲͲሿᇱ 
Set elevator trim ଷ݂ ൌ ሾͳͲͲͲͲͲͳͲͲͲͲͲͲͲͲͲሿᇱ
Reviews approach chart ସ݂ ൌ ሾͲͲͳͲͲͲͲͲͲͲͲͲͲͳͲͲሿᇱ
Recalls destination environment conditions ହ݂ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ 
Looks airfield diagram ଺݂ ൌ ሾͲͲͳͲͲͲͲͲͲͲͲͲͲͳͲͲሿᇱ
Checks runway length, landing weight, and flap ଻݂ ൌ ሾͲͲͳͲͲͲͲͲͲͲͲͲͲͳͲͲሿᇱ
Notes turbulence has begun ଼݂ ൌ ሾͲͳͲͲͲͲͲͲͲͲͲͲͲͲͲͲሿᇱ 
Rechecks descent performance ଽ݂ ൌ ሾͲͲͲͲͲͳͲͳͲͳͲͲͲͲͲͲሿᇱ
[A] 
Compares F/O altimeter with captain altimeter ଵ݂଴ ൌ ሾͲͲͲͲͲͲͲͳͲͳͲͲͲͲͲͲሿᇱ
Sees VOR/LOC light is green ଵ݂ଵ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Looks DME distance ଵ݂ଶ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Rechecks descent performance ଵ݂ଷ ൌ ሾͲͲͲͲͲͳͲͳͲͳͲͲͲͲͲͲሿᇱ
Turn on landing light ଵ݂ସ ൌ ሾͳͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲሿᇱ
Moves 12L runway approach chart on top ଵ݂ହ ൌ ሾͲͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Reviews key items of 12L runway ଵ݂଺ ൌ ሾͲͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Descent clearance ଵ݂଻ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Pulls thrust levers back to idle ଵ଼݂ ൌ ሾͲͲͲͲͲͲͳͲͲͲͲͲͲͲͲͲሿᇱ
Establishes descent and set elevator trim ଵ݂ଽ ൌ ሾͳͲͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Looks DME distance ଶ݂଴ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Descent approach checklist ଶ݂ଵ ൌ ሾͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲͲሿᇱ
Descent clearance ଶ݂ଶ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Establishes descent and set elevator trim ଶ݂ଷ ൌ ሾͳͲͲͲͲͳͳͲͲͲͲͲͲͲͲͲሿᇱ
Hears altitude alert ଶ݂ସ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Adjusts flaps and sets elevator trim ଶ݂ହ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
ISL approach clearance ଶ݂଺ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Sees localizer moving toward center of HSI ଶ݂଻ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Glide slope moving toward cater of ADI & HSI ଶ଼݂ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Gear down ଶ݂ଽ ൌ ሾͲͲͲͲͲͲͳͲͲͲͲͲͲͲͲͲሿᇱ
Adjusts flaps and reduces airspeed ଷ݂଴ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Complete landing checklist ଷ݂ଵ ൌ ሾͲͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Reaches minimum, F/O reports “No runway” ଷ݂ଶ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Execute missed approach: power, rotate, flaps ଷ݂ଷ ൌ ሾͳͳͲͲͲͳͳͳͳͳͲͲͲͲͳͲሿᇱ
Notices one engine flamed out ଷ݂ସ ൌ ሾͲͲͲͲͳͲͳͲͲͳͲͲͲͲͳͲሿᇱ
Adds right ruder ଷ݂ହ ൌ ሾͳͳͲͲͲͳͳͲͲͳͲͲͲͲͲͲሿᇱ
Trims ruder and stabilizer ଷ݂଺ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Declares an emergency ଷ݂଻ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Observes altimeter ଷ଼݂ ൌ ሾͲͲͲͲͲͲͲͳͲͲͲͲͲͲͲͲሿᇱ
Initiates climbing left turn to airport C ଷ݂ଽ ൌ ሾͳͲͲͲͲͳͳͲͲͲͲͲͲͲͲͲሿᇱ
Engine failure/shutdown checklist ସ݂଴ ൌ ሾͲͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Retracts flap, adjust pitch, trim and stabilizer  ସ݂ଵ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Requests emergency divert to airport C ସ݂ଶ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Levels aircraft using indicators ସ݂ଷ ൌ ሾͳͲͲͲͲͳͳͳͲͲͲͲͲͲͲͲሿᇱ
Hears direction from center ସ݂ସ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Descent and approach checklist ସ݂ହ ൌ ሾͲͲͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Approach clearance ସ݂଺ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Establishes descent and set elevator trim ସ݂଻ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Extends flaps, reduces airspeed ସ଼݂ ൌ ሾͳͳͲͲͲͳͳͳͲͳͲͲͲͲͲͲሿᇱ
Identifies ILS ସ݂ଽ ൌ ሾͳͳͲͲͲͳͳͲͲͲͲͲͲͲͲͲሿᇱ
Glide slope moving toward cater of ADI & HSI ହ݂଴ ൌ ሾͲͳͲͲͲͲͲͲͲͳͲͲͲͲͲͲሿᇱ
Landing clearance ହ݂ଵ ൌ ሾͲͲͲͳͲͲͲͲͲͲͲͲͳͲͲͲሿᇱ
Monitors airspeed, altitude, vertical speed, etc. ହ݂ଶ ൌ ሾͲͲͲͲͳͲͲͳͲͳͲͲͲͲͲͲሿᇱ
Minimums, runway insight ହ݂ଷ ൌ ሾͲͳͲͲͲͲͲͳͲͲͲͲͲͲͲͲሿᇱ
[L] 
Sees middle marker light lashing ହ݂ସ ൌ ሾͲͳͲͲͲͲͲͲͲͲͲͲͲͲͲͲሿᇱ
Sees minimum descent altitude light is on ହ݂ହ ൌ ሾͲͲͲͲͳͲͲͳͲͲͲͲͲͲͲͲሿᇱ
Sees touchdown ହ݂଺ ൌ ሾͲͳͲͲͲͲͲͳͲͲͲͲͲͲͲͲሿᇱ
Along runway centerline ହ݂଻ ൌ ሾͳͳͲͲͲͳͳͳͲͲͲͲͲͲͲͲሿᇱ
Touchdown succeeds ହ଼݂ ൌ ሾͳͳͲͲͲͳͲͲͲͲͲͲͲͲͲͲሿᇱ
Steps 9-11 Omitted 
 
